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Commissioning of CMS and early standard model measurements with jets,
missing transverse energy and photons at the LHC
Tim Christiansen
for the ATLAS and CMS Collaborations
CERN, CH-1211 Geneva 23, Switzerland
We report on the status and history of the CMS commissioning, together with selected results
from cosmic-muon data. The second part focuses on strategies for optimizing the reconstruc-
tion of jets, missing transverse energy and photons for early standard model measurements at
ATLAS and CMS with the ﬁrst collision data from the Large Hadron Collider at CERN.
1 CMS Commissioning
With the ﬁrst collisions from the LHC expected soon, the CMS experiment 1 at CERN has
entered the ﬁnal stage of commissioning. Nearly all of the detectors have been installed in
the experiment and the last heavy structure of CMS was lowered into the experimental hall in
January 2008 (see photograph in Fig. 1). The CMS collaboration has launched over the past
years a series of combined data-taking exercises, so-called Global Runs, with increasing scope
and complexity. More and more components have been integrated with the trigger and DAQ
systems, and data from cosmic muons as well as high-rate random triggers have been used to
prove readiness for LHC collisions.
One of the ﬁrst highlights in the commissioning of the CMS detector was the ”Magnet
Test and Cosmic Challenge” (MTCC) 2, which took place in 2006 when the CMS detector was
operated in the assembly hall on the surface. The superconducting magnet of CMS required
testing before lowering, providing a unique opportunity to operate all the subdetectors and sub-
systems together and to take data with cosmic-ray muons. The participating systems included a
60o sector of the muon system, comprising gas detectors like the drift tubes (DTs), Cathode Strip
Chambers (CSCs) and Resistive Plate Chambers (RPCs), both in the barrel part and endcaps
of CMS. The tracking system comprised elements of the Silicon-Strip Tracker, and parts of
the Electromagnetic (ECAL) and Hadron Calorimeter (HCAL) detected energy depositions of
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Figure 1: The CMS barrel detector in the experimental hall (left). The increasing number of subsystems inte-
grated in global data taking over 2007 (right): HLT: High-Level Trigger, HE: Endcap Hadron Calorimeter, Lumi:
Luminosity system, HO: Outer Hadron Calorimeter, HB: Barrel Hadron Calorimeter, Trk FEDs/RIB: Tracker
frontend drivers/”rod-in-a-box”, CSC: Cathode Strip Chambers, RPC: Resistive Plate Chambers, EB: Barrel
Electromagnetic Calorimeter, DT: Drift Tubes, HF: Forward Hadron Calorimeter. The diagram is for illustration
of the progress only, the scale is arbitrary and non-linear.
the traversing muons. In the second phase of the MTCC, the ECAL modules and the tracker
elements were replaced by a specially designed mapping device to measure the three components
of the magnetic ﬁeld in the volume of the inner detectors with high precision, while HCAL and
the muon systems continued to record cosmic-ray data.
Only six months after the conclusion of the MTCC, global data taking was resumed in the
ﬁrst of a series of Global Runs, this time in the underground experimental hall. With the end
of 2007, CMS has recorded data from synchronized cosmic triggers from parts of all trigger
detectors (CSCs, DTs, RPCs, ECAL and HCAL). The diagram on the right of Fig. 1 illustrates
the progress made in the integration of subdetectors and subsystems in various Global Runs in
2007. One of the many results from these exercises is the conﬁrmation of a single-hit resolution
δx < 280µm along φ a of the Muon Drift Tubes. One of the next goals before the LHC startup
is the integration of the central tracker in the Global Runs.
2 Early Standard Model Measurements with Jets, Missing Transverse Energy and
Photons
Already the ﬁrst 10 to 100 pb−1 of recorded data at the LHC experiments will allow QCD
measurements with minimum-bias events and will open the window to the Z- and W-boson and
top-quark production. However, it is natural to expect that the ﬁrst ∼ 100 pb−1 of integrated
luminosity will ﬁrst be used to test and improve the understanding of the detector response and
to calibrate and measure the performance of the physics objects used in the various searches and
measurements to follow. Therefore, this article focuses on the strategies for the ”commissioning”
of the physics objects with the ﬁrst data, using the standard model processes accessible with
the recorded data set. Details about the longer term physics plans of ATLAS and CMS can be
found in the references 1,3.
Physicists from ATLAS and CMS are taking care that the experiments will make the best
use of the early data to align and calibrate the detectors. Analyses are prepared to study and
optimize the performance of the triggers and of physics objects. The strategies range from
transverse-momentum balancing to exploiting well-known SM signatures, such as tag-and-probe
aφ is the azimuth angle of the CMS coordinate system with the z axis pointing in the direction of the beam
and the origin in the center of the detector. η denotes the pseudorapidity η = − ln [tan θ/2] where θ is the polar
angle of the CMS coordinate system.
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Figure 26: Left: Ratio of dE/dx values from pixel and strip hits belonging to the same recon-
structed track. The gaussian fit and the transformation formula is also given. Right: Distribu-




























































Figure 27: Left: Relative resolution of the dE/dx as a function of momentum, shown separately
for pions, kaons and protons. Right: Separation power as a function of momentum for the
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Figure 22: Differential yields of charged hadrons in the bin 0.4 < |η| < 0.6. Measured values
(black diamonds) and simulated ones (dotted histogram) are plotted. Results in the range
0 < pT < 2 GeV/c (left) and in the range 0 < pT < 15 GeV/c with logarithmic vertical scale
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Figure 23: Differential yields of identified charged hadrons in the bin 0.4 < |η| < 0.6. Measured
values (symbols) and simulated ones (histograms) are plotted. Results in the range 0 < pT <
2 GeV/c are given for pions (red circles, left), kaons and protons (green triangles and blue
boxes, respectively, right). The lower plots show the relative deviation of the reconstructed
values from the simulated ones.
Figure 2: Left: Energy loss dE/dx spectra for charged pions, kaons (K) and protons (p) in the Silicon Tracker
(Pixels and Strips combined) of CMS. The scatter plot clearly shows the three separate bands for charged pions,
kaons protons (from left to right). Right: Charged-hadron spectra dN/dydpT of protons and kaons as a
function of transverse momentum. The ”data” statistics correspond to approximately one month of data taking
with 1Hz allocated bandwidth from minimum- or zero-bias events.
with leptonic Z-boson decays. As the ﬁeld is too l rge to cover in this article all the aspects of
measurements with jets, electrons, photons and missing transverse energy, we report on a few
selected recent studies from ATLAS and CMS it a focus on the rec nstructi performance
and strategies.
One of the ﬁrst measurements to be performed at the LHC aims at the understanding of
the spectrum of charged hadrons. These spectra have never been explored in hadron collisions
at such high energies (
√s > 2TeV) and they are an important tool for the calibration and
understanding of the detector response. Recent studies at CMS show that it is feasible to distin-
guish charged pions, kaons and protons with momenta up to 2GeV/c and individually measure
their spectra (see Fig. 2) 4. Cross-sections and diﬀerential yields of charged particles (uniden-
tiﬁed or identiﬁed pions, kaons and protons), produced in inelastic proton-proton collisions at√s = 14TeV, can be measured with good precision with the CMS Pixel vertex detector and
tracker system.
An important ingredient for the correct simulation of standard model processes at LHC is
the understanding of the ”underlying event”, consisting of the beam-beam remnants (a soft
component coming from the break-up of the two beam hadrons). Furthermore, it is sensitive
to test multiple-parton interaction (MIP) tunes of QCD 5. Technically, it is impossible to fully
separate the underlying event from the hard scattering process, however, the observation of
charged particles in the region ”perpendicular” to the leading jet (60o < |∆φj | < 120o in the
transverse projection) in QCD di-jet events can be used to distinguish between various MIP
tunes that have been considered: DW 6, DWT 7, S0 8 and Herwig 9 (see Fig. 3) 10.
Up to now, the analyses of the two experiments reconstruct jets mainly with variations of
the iterative cone algorithm 11 that forms jets from energy depositions in calorimeter towers in
a cone of ﬁxed size ∆R = ∆φ2 +∆η2. Calorimeter towers are the energy sums measured
in the various depths of the calorimeter along r at ﬁxed η and φ. Even though iterative cone
algorithms are well established and fast, which make them particularly useful for triggering, new
algorithms have been studied to improve infrared- and collinear-safety. Among those alternative
algorithms are the Seedless Infrared-Safe Cone 12 and Fast-kT 13 algorithms.
Rather than relying on the Monte Carlo simulation, the jet energy corrections can be ex-
tracted from transverse-energy asymmetry measured in di-jet events, a technique developed at
the Tevatron 14. In 2→ 2 events, transverse momenta of two jets are equal. This property can
be used to scale the jet transverse momentum (pT ) at a given η to a jet pT in a reference η
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3 Conclusions
The commissioning of the CMS detector is in its ﬁnal phase. More and more subsystems are
joining global data taking exercises that use muon signals from cosmic rays for coarse timing,
calibration and alignment. Parallel to the commissioning of the detectors, the two multipurpose
experiments ATLAS and CMS are preparing the commissioning of the basic physics objects,
such as jets, photons and missing transverse energy, with ﬁrst data. Various methods have been
studied with more realistic simulations of the initial calibration and alignment and techniques
are developed to establish the sound understanding of the detector response and calibration
ﬂows from the early data itself.
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